Introduction
Many chromosomic locations have been linked with the AIS, however, no causative genes have been clearly identified. We recently identified two regions (3q12.1 and 5q13.3) containing possibly causative gene(S) of AIS (Edery et al. 2011) . Our recent work identified diseasecausing variants in a gene (that we called PFK2) in French AIS families (Patten et al. submitted 2014) . We sought to expand on this study and to investigate for novel and rare variants in PFK2 in French Canadian AIS families.
Methods 32 French Canadian families from Quebec were investigated. The inclusion criteria were Family history of at least 3 members with progressive or non progressive AIS, and on the basis of radiological data including as a phenotype the spinal rotation. DNA was extracted from peripheral blood or saliva. The entire gene was investigated using the classical PCR amplified Sanger Sequencing. All the codingregions of the gene were amplified, co-segregation analysis was performed and frequency of variants was compared controls of 1000 Genomes. In addition, the pathogenicity of PFK2 mutations was evaluated through in vivo functional studies in zebrafish, including the knockdown morpholino approach and gain of function were performed. Wild-type and mutated zebrafish phenotype was assessed morphologically, histologically, by whole-mount in situ hybridizations and by microCT (three-dimensional Imaging and Reconstruction of Zebrafish Bone).
Results
Variants in PFK2 gene were identified in 4 out of 32 Families. Co-segregation analysis revealed these variants in affected members of the same families but not in nonaffected members. We identified 4 new missense variants located on the coding regions of PFK2 (3 variants in Exome 11 and 1 in Exome 12) (all absent from the genome variants databases), two rare missense variants (Exome10) (allelic frequency of~0.6% in the 1000 Genomes), and several common SNPs (missense or intronic, without predicted consequence on amino acid changes). Functional analyses of those variants in zebrafish demonstrated spinal deformity similar to that observed in patients including significant spinal rotation, and bone delayed mineralisation. Interestingly, PFK2 is highly expressed in zebrafish midbrain during the early development, suggesting that AIS may primarily originate from a brain-associated dysfunction.
Conclusion
Altogether, we identified disease-causing variants in PFK2 in French families and cases and we confirmed the association of novel and rare variants in PFK2 with AIS in French Canadian families.
